ARTICLE ORIGINAL 1
Title: Evaluation of short food-frequency questionnaires to assess the dietary pattern 2 associated with atherosclerosis cardiovascular diseases. Objectives: Cardiovascular diseases are strongly related to dietary habits. Diet can be assessed 15 using dedicated questionnaires that can be self-completed by subjects but with the risk of 16 errors. Aims: To compare the completion error rate of two questionnaires designed to assess 17 dietary pattern linked to cardiovascular diseases and to study the correlation between the two 18 questionnaires. Materials and Methods: Two questionnaires were used to assess dietary 19 patterns of students: the 14-item Food-Frequency-Questionnaire (FFQ) that was validated 20 against biomarkers, and the Cardiovascular-Dietary-Questionnaire 2 (CDQ2), which is a [19] [20] [21] item-FFQ derived from the previous 14-item FFQ. Both questionnaires assessed the intake of 22 various food groups associated with either favourable or unfavourable effects on 23 cardiovascular risk. A global dietary score was calculated for each questionnaire. Results : 24 FFQ and CDQ2 were completed by 150 sport degree students. In the case of FFQ, 111 25 questionnaires out of 150 (74.0%) were incomplete compared to only 1 CDQ2 out of 150 26 1 (0.7%) (p<0.001). The correlation coefficient between the overall CDQ2 score and the FFQ 27 dietary score was 0.53 (p<0.01). Conclusion: The self-completion of CDQ2 compared to FFQ 28 was associated with far less errors. There was a significant correlation between CDQ2 and 29 FFQ. Preference should be given to CDQ2 in clinical practice and in studies where dietary 30 pattern are evaluated without any interviewer. 31 Several studies have shown that diet is a risk factor in cardiovascular diseases [1] [2] [3] [4] . 69
Public policies adopted by high-income countries promoting healthier life styles and healthy 70 eating based on a Mediterranean diet should help to decrease the cardiovascular mortality [5] . 71
Lifestyles are often acquired during the first part of subject's life and the effect of lifestyle is 72 related to exposure time. In this context, questionnaires could be used to assess the subjects' 73 dietary pattern. 74
Numerous tools with potential application to dietary assessment in clinical settings have been 75 reported [6] . All these tools do not report the same dietary information (fat intake, with or 76 without other nutrients, adherence to the Mediterranean diet, or fruit and vegetable intake). 77
The questionnaires used presented in this study has been developed specifically in France and 78 reports quality diet [7] . A short questionnaire on foods related to vascular risk, comprising 14 79 questions (14-item FFQ) was validated against biological markers and a 7-day food survey [7] . 80 A connection between vascular diseases and a risk-related diet had already been highlighted 81 in cases of myocardial infarction, lower limb arterial disease and ischemic stroke [7] [8] [9] [10] [11] [12] . 82
Using this questionnaire, the scores for different food groups linked with cardiovascular 83 diseases can be calculated [7, 9, 13] . In previous studies, the food evaluation was carried out 84 with an interviewer, who ensured that all of the questions were answered. In fact, a missing 85 answer meant that the corresponding food score could not be calculated. The fact that an 86 interviewer was required precluded the widespread use of this questionnaire. Furthermore, 87 this questionnaire included several open questions that could raise issues. A new 88 questionnaire (Cardiovascular Dietary Questionnaire 2; CDQ2) based on the 14-item FFQ 89 was therefore developed to rule out open responses and includes only closed answers. 90
We assume that CDQ2 generates fewer errors than FFQ when self-completed and that there is 91 a satisfactory correlation between the two questionnaires. The primary objective of this study 92 was to compare the number of correctly completed questionnaires and the secondary objective 93 was to study the correlation between these two questionnaires. 94
95

MATERIALS AND METHODS 96
This is a transversal study carried out at the Catholic University of the West (UCO, 97 Angers, France) involving a student cohort studying Sports, Exercise Science and Technology 98 Degree (STAPS). 99 included. This study was approved by our institutional review board (CHU Angers). All of the 104 subjects signed an informed consent form in order to take part in the study. The study 105 protocol was conformed to the ethical guidelines of the 1975 Declaration of Helsinki. 106
Study cohort
Study protocol
107
The study was presented to the students in a lecture theatre. Two visits were then 108 organised: the first to obtain consent and to complete the FFQ and CDQ2 questionnaires, and 109 the second to correct any errors made on completing the questionnaires. 110 111 14-item FFQ: this questionnaire was used to assess the consumption of Saturated Fatty Acids 112 (SFA), Mono-Unsaturated Fatty Acids (MUFA), Polyunsaturated Fatty Acids (PUFA) 113 (omega 3 and omega 6), fruits and vegetables [7] . It was also used to calculate a global 114 vascular risk dietary score called the Vascular Dietary Score (VDS). This score was 115 calculated by adding up the beneficial elements (fruits and vegetables, MUFA, PUFA-n3) and 116 subtracting the SFA score. The latter ranged from -17 to +19. The higher the VDS, the higher 117 the cardiovascular protective diet and vice-versa. The FFQ had a good reproducibility 118 amongst the student population [14] . A VDS ≤ -1 is considered as an unfavourable vascular 119 diet. The optimal dietary score is a VDS ≥ 8 [11] . For more information about the scoring, 120 readers can refer to previous publications [7, 10] 121 122 CDQ2 (Supplemental materials): This questionnaire was derived from the 14-item FFQ [7] . 123
The 19 questions, including 2 on alcohol consumption, did not contain any open questions. 124
The CDQ2 was used to calculate a global score (GS). The GS ranges from -36 to +47. The 125 higher the GS, the higher the cardiovascular protective diet and vice-versa. The scoring 126 method is describe in the online supplemental materials. 127 showed that variables in the vascular dietary score (VDS), the global score and global score 135 without alcohol followed a normal distribution. The number of errors in the two 136 questionnaires was compared using the "McNemar Test". In order to investigate the 137 relationship between the two questionnaires, correlation tests were carried out between VDS 138 obtained with the 14-item FFQ and the GS obtained with the CDQ2. The level of significance 139 was set at p< 0.05. 140
RESULTS
141
Study cohort characteristics 142
Overall, 150 subjects were enrolled in our study ( 
DISCUSSION
161
This study reports a great improvement in correct answers to questions and exploitable 162 self-completed questionnaires with a rate close to 100% in this student population with the 163 CDQ2. Furthermore, there is a good correlation of this questionnaire with the original 14-item 164 FFQ that generates too much errors or missing answers due to the relative complexity for 165
several subjects to answer correctly the questions related to the choice of fat and oils. 166
However that information is a major one to calculate an informative global dietary score. 167
Indeed the type of fat used for cooking or seasoning is one of the major nutritional 168 determinants to influence the cardiovascular risk. A high intake of saturated and trans fatty 169 acids increases the risk whereas mono and polyunsaturated fatty acids, in particular olive oil 170 and omega-3 fatty acids reduce the risk [15, 16] . 171
Fewer errors were made on completing the CDQ2 compared to the 14-item FFQ. The CDQ2 172 also had several advantages: first, it contained only closed questions -hence the questions 173
were answered more quickly. The time taken to answer the question seemed to facilitate the 174 students' decision [17] . Secondly, although CDQ2 had five additional questions, there were 175 fewer possible answers (maximum of 19 items). The FFQ contained only 14 questions but 27 items had to be completed [7] . Several partial responses were required for the same question. 177
The results of a meta-analysis of controlled, randomised studies suggest that preference 178 should be given to shorter questionnaires [18] . Shorter questionnaires can be completed more 179 quickly, probably increasing the rate of correct responses [19] . Thirdly, CDQ2 includes 180 alcohol consumption, which was not assessed in the FFQ. The effect of alcohol on 181 cardiovascular disease is debated [20, 21] . But numerous epidemiologic studies have shown 182 results in support of a protective effect of a small to moderate alcohol consumption and a 183 deleterious effect of a high consumption and/or binge drinking [22] [23] [24] . Many epidemiologic 184 studies have reported that a small to moderate alcohol consumption can be considered as a 185 favourable lifestyle characteristic. Thus the inclusion of alcohol in a dietary questionnaire is 186 important especially for cardiovascular diseases. It could be criticised that alcohol 187 consumption was not considered in the original FFQ and thus the correlation between the 2 188 questionnaires could be weakened. However this was not the case. completing CDQ2 can be extrapolated to older populations. However, the use of closed 201 answers has facilitated the responses and we can assume this will be the case also for other 202 populations. To date, it has not yet been shown that patients with cardiovascular diseases have 203 an unfavourable GS obtained with CDQ2 whereas it has been reported that a low SDV score 204 (14-item FFQ) is associated with myocardial infarction, PAD and ischemic stroke. There are 205 ongoing studies to check that the CDQ2 global score is as well associated with these diseases. 206
To conclude, this study shows that CDQ2 is well correlated with the original validated item FFQ and generates far more correctly self-completed questionnaires, which could 208 facilitate its widespread use especially in clinical practice. 209
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